Chemical inhibdion of dtiusion flames through addition of halogenatkd "inhibitors is a problem of significant practical and scientific interest. Extensive studies on diffusion flames in microgravity have shown that these flames have significantly different characteristics than those under normal gravity [1,2]. However, the mechanisms through which inhibitors reach the reaction zone to suppress combustion in diffusion flames and the effectiveness of these compounds under reduced gravity have yet to be investigated.
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Atmospheric rIressure experiments
The characteristics of the flames in normal and rnicrogravity tests performed are listed in Table 1 . The structures of the normal gravity, ambient pressure flames with and without inhibitor were essentially indistinguishable. The inhibited flames, however, exhibited a more intense flicker, and it was not possible to stabilize flames at concentrations beyond 1.5% CF3Br in air at the present fuel flow rate. The structure of the diffusion flames under microgravity conditions, however, was extremely sensitive to the surrounding environment.
A typical methane laminar diffusion flame structure in microgravity is shown in Fig. 1 , an oval, white, closed-tipped flame with t_dd-Re/2 [2], with the base extending around the nozzle. At atmospheric pressure, addition of any amount of inhibitor or fuel to the oxidizing environment M to the appearance of an outer flame surrounding the core fuel jet frame. The addition of 4% CF3H (by volume) to the oxidizing environment led to a .som~what more pronounced outer flame, and the opening of the flame tip (Fig. 2) . At higher concentrations, the main obsewable effect of the addition of CF3H was to completely suppress the sooty region, creating a flame with a blue base and no visible tip: This behavior (suppression of soot related luminosity) is consistent with the lower temperature of the inhibited flame [3] . However, the flame which was observed was the size and shape of outer flames recorded in other experiments with fuel or inhibitor addition, which leads us to believe that there might be an inner flame which was however too dim to be registered by the camera.
In order to determine whether the outer flame could be attributed to the consumption of the inhibitor on the air side, 2 percent of methane was added to the surrounding air under microgravity conditions. The flame had approximately the same height as the flame without addition of methane, but the tip was open and a faint light halo surrounded the main reaction zone (Fig. 4) .
The addition of CE3Br to the oxidizing environment under microgravity at ambient pressure produced a marked change in structure (Fig. 5 ). There is an obvious Wlip' double flame structure, with a visible region significantly shorter than the uninhibited flame. An open-tipped inner flame is surrounded by a wider outer flame whose visible region ends shortly before the outer flame. Instead of the rounded baser a flat circular base slightly upstream of the nozzle tip is visible. The visible outer flame is most like~a resutt of CF3f3r reaction, supported thermally by the main inner flame. Such behavior has been observed experimentally in co-flowing two dimensional diffusion flames [4] , opposed jet diffusion flames [5] , and surmised from numerical simulations [6] . The study in co-flowing flames identified the outer visible flame spectroscopically as greenish Brz emission. A Brz peak would be expected also from opposed stretched flame calculations [6] . The observed color of the outer flame was closer to yellow than green. It remains to be determined whether the yellow luminosity is a result of soot in the outer flame, or of the camera response at the given settings. The opening of the flame tip could be explained by the reduction in the maximum stretch supported by the diffusion flame at the tip with the addition of inhibitor [7] . However, that would not explain the flame tip opening in the case of addition of plain methane to the surroundings. The effects of reduction in pressure on normal and microgravity flames with the addition of CF3Br. were explored to understand how normal gravity, weakly buoyant low pressure diilusion flames relate to microgravity flames. Experiments were performed both at normal and microgravity in a 2530 Pa (0.25 atm) quiescent environment (corresponding to a reduction in buoyancy by a factor of 16) with and without the addition of CF3Br, Reduction of pressure at normal gravity leads to elimination of flicker at 0.25 atm, and the presence of a stable oval white flame surrounded by a dim halo of glowing gases (Fig. 6 ).
Addition of 1% CF3Br causes the flame to lift off the nozzle and stabilize at about 25 mm from the nozzle as a flat blue-white flame with a circular base and an oval tip (Fig. 7) . The stabilization mechanism is probably the same as in other lifted flames, where premixing at the base aids in the establishment of a stoichiometric region. With the addition of 2 percent CF3Br, the flame lit but was promptly blown off.
Under microgravity conditions, however, apparently stable anchored flames (for the duration of the test) were observed for both 1 and 2 percent CF3Br addfiion (Figs. 8-9 ). The flames were oval, with closed tip, a wide blue base and a broad gas halo. The ability to stabilize these flames shows once again that both under normal and lower pressures, conditions for the extinguishment of diffusion flames at these low pressures appear to be more stringent under microgravity than at normal gravity. Therefore, experiments under weakly buoyant conditions may not capture the stability limits of flames under inhibiting environments in microgravity.
Conclusions
The present experiments with Iaminar jet diffusion flames burning under normal and microgravity conditions in a quiescent environment with addition of halogenated hydrocarbons have yielded the following conclusions:
1.
2.
3.
4.
Stability limits of flames with the addition of CF3Br and CF3H to the oxidizer environment under microgravity are wider than those under normal gravity.
The addition of inhibitors to the oxidizer under microgravity conditions creates a double flame structure. The outer flame is probably a region where the inhibitor reacts, supported by the heat release of the inner fuel flame. This behavior is particularly clear in the case of CF3Br.
Addition of halogenated inhibitors to Vg flames leads to shorter, open tipped flames. Addition of large amounts (=.4YO) of CF3H suppresses the appearance of luminous soot.
At low pressures (0.25 atm), normal gravity diffusion flames resemble their microgravity counte~arts more closely. However, flames at these pressures that cannot be stabilized under normal gravity appear to be stable under microgravity.
The goal of the project is to understand the effectiveness and action of halogenated inhibitors on the extinction of diffusion flames at reduced gravity. Additional experimental work in microgravity and ground based normal gravity experiments are planned. Numerical and analytical work to interpret and explain the experimental findings is being prepared for the near future.
The effects of diluents, oxygen and inhibitor mole fractions, dflerent halogenated inhibitors, fuel types and jet Reynolds numbers will continue to be investigated in the 2.2-semnd drop tower. In addfiion, the study of inhibited CO/H2 flames is also being considered, given the obvious simplification of the fuel chemistry and the absence of soot. A normal gravity, low-pressure diffusion flame burner for normal and microgravity experiments is currently under construction at MIT, Additional diagnostics, including IR imaging, radiation measurement, and thermocouples, are being considered. Complementary experiments on the behavior of counterflow cliffusion flames will be conducted at NIST this Spring to aid in the interpretation of the laminar jet flame observations.
Plans for numerical modeling of the system are: a) interpret the structure and validate chemical model for haiogenated inhibitor addition using a 1D counterflow diffusion flame code; b) identify potential paths for reduction of the chemical mechanism and c) incorporate the reduced mechanism into a 2D jet diffusion flame. 
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